ABSTRACT: Multiparous, spring-calving beef cows ( n = 250) were used to determine whether large changes in body energy reserves during mid-to late gestation influenced subsequent reproductive performance of cows calving in moderate body condition. In three states, cows were blocked by BW and body condition score (BCS; 1 = emaciated to 9 = obese) then allotted to receive either a high or low plane of nutrition from late summer to early winter over a 3-yr period. This generated an array of BCS by the beginning of the last trimester of pregnancy when cows were grouped by BCS as follows: Group 1, BCS ≤ 4; Group 2, BCS of 5 or 6; and Group 3, BCS ≥ 7. Each group was managed so that individual cows would calve with a BCS of 5 to 6. At the time of group assignment, mean BW and BCS differed ( P < .01) among groups and were 480 kg and 3.6, 541 kg and 5.5, and 594 kg and 7.1 for Groups 1 to 3, respectively. Within 28 d before calving, BW and BCS were similar ( P > .20) among groups averaging 555 kg and 5.1. Prepartum BCS changes averaged 1.4, −.4, and −2.0 units for Groups 1 to 3, respectively ( P < .01). Cows were managed as a single group after calving in each state. Location effect was significant for the prepartum and postpartum BW and BCS changes but not for postpartum reproductive performance. Significant location × BCS group interactions were found for the 90-d prepartum BW, BCS at calving, and prepartum changes in BW, but were caused by differences in magnitude among locations. The percentage of cows with luteal activity at the start of a subsequent breeding season was not affected ( P > .20) by either location or BCS group, and averaged 66%. Mean pregnancy rates at 20, 40, and 60 d of a subsequent breeding season were 55, 76, and 89% for Group 1; 51, 67, and 82% for Group 2; and 64, 79, and 89% for Group 3 ( P > .30). Mean days to conception were 89, 87, and 85 for Groups 1 to 3, respectively ( P = .70). Neither calf birth weight ( x = 38.6 kg) nor adjusted 205-d weight ( x = 223.6 kg) were affected by prepartum BW and BCS changes. We conclude that reproductive performance of cows calving in moderate body condition is not influenced by large changes in body energy reserves during the last trimester of pregnancy.
Introduction
Reproduction is a major component of production efficiency for a cow-calf system. When nutrient intake is inadequate and body energy reserves are depleted, interval from calving to first estrus is extended (Wiltbank et al., 1962) . Failure to conceive during a restricted breeding season is the most important factor reducing net calf crop (Wiltbank et al., 1961) . Body condition score ( BCS) has been shown to be a good indicator of body energy reserves (Wagner et al., 1988; Houghton et al., 1990b) . The BCS of cows at calving is the most important factor affecting postpartum interval to estrus and pregnancy rate in multiparous beef cows (Richards et al., 1986; Selk et al., 1988) . A BCS of 5 at calving seems to be the critical level affecting subsequent reproductive performance in mature beef cows (Richards et al., 1986) . This critical BCS of 5 seems to be consistent among a number of beef breeds and crosses (Tinker et al., 1989) . The effect of BCS at calving may be modulated by BW change before calving. Cows with similar BCS at calving may differ in subsequent reproductive performance due to BW and(or) BCS change during gestation (Selk et al., 1988) . The objective of this study was to determine whether large increases or decreases in body energy reserves of mature beef cows during mid-to late gestation affect subsequent reproductive or calf performance for cows calving in moderate body condition.
Materials and Methods
Spring-calving multiparous beef cows ( n = 250) were used in a study conducted in Arkansas (AR), Louisiana (LA), and South Carolina (SC). At each location, the experiment was replicated for 3 yr. Arkansas used 34 Hereford cows from 1992 to 1994, LA used 103 Angus-Hereford and Simmental-Angus cows from 1993 to 1995, and SC used 113 Angus cows also from 1993 to 1995. Cows ranged in age from 3 to 15 yr with an average age of 5.5 yr. All cows calved as a result of a 60-d breeding season.
Approximately 6 mo before the beginning of a calving season, pregnant cows were blocked by BW and BCS ( 1 = emaciated to 9 = obese; Richards et al., 1986) and randomly assigned to two equal groups. Cows in the gain group had their calves weaned (LA and SC), were stocked on high-quality pasture, and received supplemental feed as needed in anticipation that BCS would increase by 1 to 2 units. Cows in the restricted group grazed low-quality pasture at increased stocking rates to reduce available forage (LA and SC) or were fed restricted levels of hay (AR) and continued to suckle their calves past the usual weaning date in anticipation that BCS would decrease by 1 to 2 units. This procedure (Spitzer et al., 1995) was not considered part of the experimental treatment, but was used to generate groups of cows ranging from 3 to 8 in BCS at the beginning of the last trimester of pregnancy. At each location, some cows were used in more than one year (average = 28%). These cows were allowed to move at random among groups according to BCS. However, the majority of cows at each location were used only once as an experimental animal.
Approximately 90 d before average expected calving date, cows were grouped by BCS as follows: Group 1, BCS ≤ 4 ( n = 99); Group 2, BCS = 5 to 6 ( n = 101); and Group 3, BCS ≥ 7 ( n = 50). Each group of cows was then managed so that each cow would calve at a BCS of 5 to 6. In Group 1, this was accomplished by providing ad libitum access to hay (good quality; AR and LA) or corn silage (SC) plus supplemental protein-energy. In Group 3, nutrient intake was restricted by limiting hay intake (AR and LA) or grazing fescue pastures at high stocking rates to limit forage availability (SC). Cow BW and BCS were recorded at the time of group assignment and at 28-d intervals before and after calving. When individual cows in Groups 1 or 3 attained a BCS of 5, they were placed with Group 2 cows fed at 100% of requirements (NRC, 1984) . Data for cows in Group 1 that failed to attain a BCS of 5 or cows in Group 3 that failed to attain a BCS of 5 to 6 were deleted from subsequent analysis. Nutritional management was altered after each 28-d weighing if changes in BW and BCS were not occurring as appropriate for each group.
Calves were weighed within 24 h after parturition, and dystocia scores were assigned using a 1 to 5 system (BIF, 1990) . Calves were weighed at 6 to 7 mo of age, and weights were adjusted to 205 d of age, for sex of calf and for age of dam. Because some calves were weaned at this time to facilitate increasing BCS and some calves remained with their dams after this time under restricted forage availability to facilitate decreasing BCS, actual weaning weight was confounded with the BCS adjustment procedure during midgestation. Therefore, adjusted 205-d weight was the more appropriate response variable for determining treatment effects on subsequent calf growth.
After calving, all cows at each location were pastured together and managed as one group as appropriate for that location. Luteal activity near the start of a subsequent breeding season was determined by monitoring plasma progesterone levels. Blood samples were obtained 14 and 7 d before and on the first day of a breeding season. Concentrations of progesterone were quantified with RIA (LA: Thompson et al., 1983; AR: Srikandakumar et al., 1986; SC: Plata et al., 1990) . The same assay procedure was used at a particular location in each of the 3 yr of the study, and only blood samples collected from cows at that location were assayed using that procedure. Any cow with progesterone concentration ≥ 1 ng/mL in any two of the three samples was considered to have resumed normal estrous cycles. A 60-d natural service breeding season (AR and LA) or 30 d of AI followed by 30 d of natural service (SC) began about 85 d after the first cow calved at each location each year. In SC, observations for estrus during postpartum and AI periods were made twice daily and were aided by testosterone-treated cows fitted with chin-ball markers. Pregnancy rates at all locations were determined by rectal palpation approximately 60 d after the end of a breeding season, and conception dates were verified by subsequent calving dates.
Analysis of variance was conducted with the GLM procedures of SAS (1993). Cow was used as the experimental unit. The analysis of variance model included the effects of location, year within location, BCS group, and location × BCS group interaction. Cow age and initial cow BW were included as covariables. The analyses for calf birth weight and 205-d weight also included calf sex as a main effect in the model, along with appropriate interactions. Comparisons among least squares means were separated using protected LSD (Steel and Torrie, 1980) . Table 1 . Effect of location on prepartum and postpartum body weight and body condition score (BCS) a changes of multiparous beef cows calving in moderate body condition a 1 = emaciated to 9 = obese (Richards et al., 1986 Table 2 . Effect of location on postpartum reproductive performance of multiparous beef cows calving in moderate body condition after experiencing large changes in prepartum body condition score a a 1 = emaciated to 9 = obese (Richards et al., 1986 
Results and Discussion
Management during midgestation was successful in cows displaying a wide range of BCS at approximately 90 d before the mean calving date at each location. Cows were successfully managed to calve at a BCS of 5 to 6.
Both pre-and postpartum body weight and BW change, but not BCS, were affected ( P < .01) by location (Table 1) . Cows in SC were heavier throughout the study than cows in AR and LA. Cows in LA were lighter initially, but had greater postpartum ADG than cows in AR and SC, resulting in a BW that was intermediate at 84 d postpartum. This may have been due to the availability of high-quality cool-season annual forages during the postpartum period in LA, whereas cows in AR and SC were fed hay and supplement (AR) or corn silage and supplement (SC). Effects of location on BW and BW change were expected due to breed, size of cow, and environmental factors that have been previously reported by this regional research group (Wettemann et al., 1986; Spitzer et al., 1995) .
Location × BCS group interactions ( P < .01) were observed for the 90-d prepartum BW, BCS at calving, and prepartum BW change. For these three variables, the significant interaction was due to differences in magnitude of the responses among locations. For 90-d prepartum BW, the difference was because Group 2 and Group 3 cows in SC were approximately 90 kg heavier than cows in the same groups in AR and LA. For BCS at calving, Group 3 cows in AR and SC had a greater average score (5.2) than Group 3 cows in LA (5.0). For prepartum BW change, Group 3 cows in AR Figure 1 . Prepartum body weight (panel a; avg SEM = 6 kg) and body condition score (panel b; avg SEM = .1) changes during late gestation of multiparous beef cows managed to calve in moderate body condition. The letters c, d, and e indicate significant differences among groups (P < .01). NS indicates differences were not significant. −50 kg, respectively) . No other location × BCS group interactions were detected, and because those detected were magnitudinal differences rather than changes in rank order, main effects are presented and discussed.
Location was not a significant source of variation affecting postpartum reproductive traits (Table 2 ). Mean pregnancy rates among locations at 20, 40, and 60 d of a breeding season were 60, 76, and 88%, respectively.
Prepartum BW and BCS changes were significantly different among BCS treatment groups during the last trimester of pregnancy (Figure 1) . Mean BW at 90 d prepartum were 480, 541, and 594 kg, and mean live weight gain during the last trimester of pregnancy were 68, 20, and −39 kg for Groups 1 to 3, respectively ( P < .01). These changes in live weight during the last trimester corresponded with significant changes in BCS. Group 1 cows increased average BCS by 1.4 units, Group 2 cows decreased average BCS .4 units, and Group 3 cows had an average reduction in BCS of 2.0 units. There were no differences among BCS treatment groups in BW or BCS at the time of parturition.
Cows in all three BCS treatment groups at each location were managed as a single group after calving and were provided the same level of nutrition. Postpartum ADG was not affected by prepartum BW or BCS changes. However, there was a tendency for Group 3 cows that were restricted in nutrient intake prepartum to gain BW more rapidly postpartum (.32 and .31 vs .45 kg/d for cows in Groups 1 and 2 vs 3, respectively; P = .13). This did not affect ( P = .26) mean BW at the beginning of a subsequent breeding season (84 d postpartum); mean BW were 529, 535, and 546 kg for Groups 1 to 3, respectively. Boadi and Price (1996) also observed greater postpartum BW gains of cows calving in moderate body condition that were restricted in energy intake before calving, compared with unrestricted cows. Restricted-refed animals have been shown to have higher voluntary feed intake and lower maintenance requirements (Saubidet and Verde, 1976; Ledger and Sayers, 1977) .
The percentage of cows with luteal activity indicative of normal estrous cycles by the start of a subsequent breeding season was not affected by prepartum BCS changes and averaged 66 ± 7% (Table  3) . This was greater than the 46% observed by Selk et al. (1988) for range beef cows. Houghton et al. (1990a) observed that about 53% of cows initially in moderate body condition and fed a maintenance energy diet during the last trimester of pregnancy had resumed estrous cycles by 60 d postpartum.
There was a nonsignificant trend in the present study that was consistent at all three locations for a greater percentage of previously fleshy cows (Group 3 ) to have resumed cyclic ovarian activity by the start of breeding. Corresponding to this were results of estrus detection data in SC showing a postpartum interval to estrus that was 11 d shorter for Group 3 cows than for Group 1 and 2 cows (48 vs 59 and 60 d, respectively; P < .10). Looper et al. (1997) showed that the interval to first normal luteal activity was 58.3 d for cows calving in moderate body condition, but 93.3 d for cows calving in thin body condition. Houghton et al. (1990a) showed that as BCS at parturition increased from thin to fleshy, postpartum interval to estrus decreased from 88 d to 31 d, with cows in moderate condition (BCS of 3 on a 5-point scale) averaging 59.4 d to first estrus. Table 3 . Postpartum reproductive performance of multiparous beef cows calving in moderate body condition as affected by large changes in prepartum body condition score (BCS) during late gestation a 1 = emaciated to 9 = obese (Richards et al., 1986 Pregnancy rates at 20, 40, or 60 d of a breeding season were not affected by prepartum BCS changes (Table 3) . Results were quite similar to those reported by Richards et al. (1986) for mature cows. Subsequent pregnancy rates in that study for cows with BCS ≥ 5 at parturition were 52% at 20 d, 70% at 40 d, and 91% at 60 d of a breeding season. Houghton et al. (1990a) showed that mature Charolais × Angus cows that calved in moderate BCS and maintained BCS postpartum had a pregnancy rate of 100%.
Date of conception was determined by taking subsequent calving dates and subtracting 285 d. This calculation revealed that, on average, conception occurred on d 21 of a 60-d breeding season and was not affected by prepartum BCS changes. Conception date determination allowed days to conception to also be determined (Table 3 ). The mean interval from calving to conception was 87 d and was not affected by prepartum BCS changes. This is similar to the results of Richards et al. (1986) who reported that days to pregnancy in cows that calved at BCS ≥ 5 was 84 d, but Laflamme and Connor (1992) reported days to conception of only 68 d for cows calving in moderate body condition.
Even though large differences in prepartum BW change occurred among treatment groups, calf birth weight was not significantly affected and was 39.1, 38.6, and 38.0 ± .9 kg for Groups 1 to 3, respectively. Numerically, Group 3 cows, which lost 39 kg during the last trimester of pregnancy, gave birth to the lightest calves, but the range from heaviest to lightest among groups was only 1.1 kg. Location was not a significant source of variation affecting calf birth weight ( P > .42), and incidences of calving difficulty were very low. Nutrient intake of cows during gestation may significantly alter weight of calves at birth (Wiltbank et al., 1962; Houghton et al., 1990a; Spitzer et al., 1995) , or birth weight may be unaffected by nutrient intake (Boadi and Price, 1996) . Pregnant cows tend to buffer the adverse effects of undernutrition on their developing fetuses by utilizing body reserves (Spitzer, 1986) , resulting in weight and condition loss from their own body, as was observed for the Group 3 cows in the present study. Calf 205-d weight was unaffected by prepartum BCS changes ( P > .61), averaging 225, 226, and 219 ± 5 kg for Groups 1 to 3, respectively. These weights were quite similar to the weaning weights reported by Houghton et al. (1990a) . Calf 205-d weight was affected ( P < .01) by location; calves in LA averaged 37 kg lighter than calves in AR and SC.
The concept of a target BCS at calving was first proposed by Lamond (1970) . Dzuik and Bellows (1983) suggested a minimum BCS of 5, and this was supported by Richards et al. (1986) . These authors indicated that this minimum BCS will ensure that body energy reserves are adequate for acceptable postpartum reproductive performance. Our data further substantiate that a BCS of 5 is a minimum level for mature beef cows, but further indicate that prepartum BW and(or) BCS changes are of little consequence as long as the mature beef cow calves at BCS of 5. Our findings concur with the recent study of Boadi and Price (1996) . They concluded that wellconditioned cows may be allowed to lose condition during the last trimester of pregnancy, when feed is presumably relatively expensive, provided they are in condition score 2.5 (5-point system) or better at calving. They further stated that if these cows receive adequate postpartum nutrition, reproductive performance will not be impaired.
Our results are also in partial agreement with those of Selk et al. (1988) , who showed that when BW and body condition loss occurred during the middle third of pregnancy, increased nutrient intake 1 to 3 mo before calving substantially improved pregnancy rate compared with cows that continued to lose BW until parturition. In that study, however, cows that maintained BW and BCS from midgestation until calving had a greater pregnancy rate than cows that lost and regained BW. That is in contrast to our findings and may be related to the way in which their treatments were applied and to the large year-to-year variation in weather and pasture conditions that occurred during the 5-year study, resulting in large year-to-year variation in BW and BCS at calving and in subsequent pregnancy rate. In their study, average initial BCS in all treatment groups at 4 mo prepartum was 6.1, with some cows maintaining, some cows losing, some losing and maintaining, and some losing and regaining BW and BCS until calving. Cows that lost BW and BCS were much more likely to fall below the critical BCS of 5 and were not prevented from doing so. In 3 of the 5 yr of that study, cows in the lose-lose treatment group had an average BCS at calving of < 5, and overall pregnancy rate was the lowest of any group. Likewise, for cows that lost and regained BW and BCS before calving, it was not ensured that all cows would attain BCS of 5 by the time of calving. In 2 of the 5 yr of the study, average BCS at calving for cows in the lose-regain group was ≤ 5, indicating that a number of cows were below BCS of 5 at calving. This reduced the overall average pregnancy rate for this group by 13% compared with cows that maintained BW and BCS until calving. In the present study, there was no difference in pregnancy rate between groups of cows that either maintained or lost and regained BW and BCS, presumably because it was ensured that all cows calved at a BCS of 5. Also, pregnancy rate results were quite consistent from year to year during our 3-yr study.
In a retrospective discriminant analysis, Selk et al. (1988) showed that BCS at calving and BCS at breeding were the most accurate predictors of pregnancy. They further showed that BW change 60 d before calving was not a useful predictor of potential pregnancy and that BCS change during this period was only a slightly better predictor than BW change. Those findings are in agreement with our data for mature cows and also with those of DeRouen et al. (1994) , who showed that prepartum changes in BW or BCS had little influence on subsequent reproduction in first-calf cows, but rather BCS at calving was the most important factor.
Implications
Body condition score (BCS) at the time of parturition is likely the most important factor affecting subsequent net calf-crop in mature beef cows. A BCS of 5 at calving is critical to ensure acceptable postpartum reproduction in multiparous cows. Wellconditioned cows (BCS > 6 ) may be allowed to lose condition during the last trimester of pregnancy, provided they calve at BCS of 5. Borderline to thin cows (BCS < 5 ) may be successfully managed to attain BCS of 5 at calving. In either case, subsequent reproductive performance should be equal to cows that have maintained a BCS of 5 throughout the last trimester of pregnancy.
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